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Description 

Cireim transformaiion syotom. circuit tansformatlon method, inverted io^lc generation method, end logic 

design system 



5 Background of the invention 

This invention relates to automatic transfwmation of logic circuit, and more particularly to a circuit 
transformation method or logic design system suRed to optimally trensformating function description or logic 
circuit equivalentty logically into a circuit for a specific technology. 

10 A conventional circuit automatic transfonnation system is a method for detecting a portion coinciding with a 
predefined Input pattern from a circuit before transformation, and replacing directly with a corresponding 
output pattern according to the condition such as the fan*out number of the output terminal (mentioned, for 
example, tn the Collected Papers of the 30th National Convention of Infomiation Processing Society of Japan, 
pp. 1923*1926. 1985). and In a system using Imowledge base (that is, rule base), the rule description system of 

16 describing the preliminary condition for startirig up the rule in the condition part of the rule, and describing the 
operation (that is, the action) on the circuit when that rule is started up in the conclusion part is widely 
employed. An apparatus of this sort is disclosed, for example, in the Japanese laid-open Patent 
No. 59-168545. 

In this conventional example, however, considerations are not given to the simplification of circuit 
20 transformation mle, efficiency of transformation nile mak^g. Its ease, and efficiency of circuit transonnnation 
processing, and the following problems, among others, existed. 

(1) It is necessary to make many transfcjmiation rules differing only in part, such as the condition part 
and conclusion part of transfbrmation rule. 

(2) Different from the transformation mle possessed by the designer, it is necessary to descrtoe. in an 
25 unnatural forni. how to change the circuit, being consctous of the deduction mechanism, when describing 

the conclusion part of the rule. 

(3) In order to realize an advanced transfomwtion from a comprehensive viewpoint conducted by a 
skilled designer, the descriptton quantity per mle is enormous, and the number of rules is tremendous, 
which is actually difficult to realize. 

30 (4) From the viewpoint of transformation processing efficiency, there are many transformation rules 

similar in the condition part, the inference efficiency is very poor, and a lengthy processing time is needed 
for transformation. 

(5) When divising and describing transformation rule in plural rules, wasteful accesses addrtwn of 
intennediate data to the description part for working (working memory), retrieval and deletion increase. 
3$ and the efficiency of inference processing is extremely poor. 

Summary of the Inventton 

It is hence a primary obiect of this invention to present a circuit transformation method, circuit 
40 transfPrmalion system, and logic design system capable of taking in the circuit transformation knowledge 
possessed by the designer easily in a simple torn of transformation mle. and realizing circuit transformation 
easily as proficiently as a skflled designer. 

This object Is achieved, tn a circuit transfonnation system using knowledge or rule, by provkitng the 
Inference drive part with rule selection infbnnatton transmission means for transmitting the information for 
45 selecting a subordinate transformation mle required for circuit transfbrmation when a transformation nite is 
applied, and mle selection means for selecting a desired transformation rule by receMng this transmisskm 
information, and further comprising mie transfonnation means for replacing whole or part of the comfitton part 
of conclusion part of the translormation rule by using the transformatkm mle, deletton element pickup means 
for automatically picking up the element to be deleted on the basis of the transformatton mle. element deletion 
SO means for deleting the plcked-up element, and means for automatically adding and registering the element 
appearing in the conctusion part of the transformation rule. 

The above object may k>e also achieved, in a circuit trar«formation system using knowledge or mle, by 
instairing a logic Inversted knowledge memory unit, and providing the inference drive part with element 
registration means having the means for judging the signal for expressing the logic inversion in the connection 
55 signal of element, and inverted signal generating means for generating or depicting an inverted signal by 
making use of the togic Inversion relation expressed in the logic inverston rule stored in this logto inverted 
knowledge memory unit. 

Or the same object may be also achieved, in a circuit transformation method and logic design system using 
knowledge or mle, by InstaUing eqOvalent logic knowledge memory means, and by performing. In a step of 
eo applying the mle by storing the logically equivalent circuit relation, that is. the equivalent logic mle. by this 
memory means, a processing for recognizing a circuit logically equivalent to the circuit of the rule pren^ part 
by using this equivalent logic rule, and a processing of generating a circuit logically equivalent to the circuit in 
the mle terminatbn part by using the same equivalent logic rule. 
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\ While the novel features of the invention are set forth in the appended clainis. the invention, both as to 

^ organization and content, will be better understood and appreciated, along with other objects and features 

thereof, from the foDowing detailed description taken In conjuction with the drawings. 

Brief Description of Drawings ^ 

Rg. 1 is a block diagram showing a basic structure in afirst embodiment of this invention; 
Fig. 2 is a conceptual drawing of hierarchical structure making of rule: 
Fig. 3 is a explanatory drawing showing an example of transformation rule; 

Fig. 4 Is an explanatory drawing showing an example of circuit expression; 10 
Fig. 5 is a flow chart showing an example of circuit transformation processing in the inference drive part 
of the embodiment: 

Fig. 6 is a flow chart showing an example of collation processing of rule condition part: 

Fig. 7 is a ftow chart showing an example of application processing of rule conclusion part; 

Rg. 8 Is an explanatory drawing showing a description example of transformation rule; 15 

Rg. 9 is an explanatory drawing showing a description example of expanding rule; 

Rg. 10 is a block diagram showing a basic structure in a second embodiment of this invention; 

Rg. 1 1 is an explanatroy drawing showing an example of circuit expression ; 

Rg. 12 is a flow chart showing an example of circuit transformatkm processing In the inference drive 
part of tiie emt)odiment: 20 

Rg. 13 is a flow chart showing an example of registration processing into the memory unit for element 
working; 

Rg. 14 is aflow chart showing an example of togic inverted signal generation processing; 
Rg. 15 is an explanatory chart showing a description example of tranfonmatlon rule; 

Rg. 1 6 Is an explanatory drawing showing a description example of logic inversion nde; 25 
Rg. 17 Is an explanatory drawing showing a description example of transformation rule suing logic 
inverted signal; 

Rg. 19 is a block diagram showing a basic structure In a third embodiment of this invention; 
Rg. 19 is a circuit diagram showing a circuit equivalent to two input ANDs; 

Rg. 20 Is an explar^atory drawing showing an example of transformation rule; 30 
Fig. 21 is an explanatory drawing showing an example of circuit expression; 
Rg. 22 is an explanatory drawing showing an example of equivalent logic rule; 
Fig. 23 is a partial circuit diagram as an example of a transformation object circuit; 
t Fig. 24 is en explanatory drawing showing a transfomnation rule logically equivalent to the 

transformation rule in Fig. 20; ^ 
Rg. 25 is an explanatory drawing showing a tranformatlon rule for transformation into AND circuit; and 

Detailed Description of the Invention 

Some of the embodiments of this invention are described below while referring to the accompanying 40 
drawings. 

Rrst embodiment 

Referring now to the drawings, a first embodiment of this Inventton Is described below. 45 
Rg. 1 is a block diagram showing a basic structure of the first embodiment of this Invention, In which 
numeral 1 denotes a transfonnatlon knowledge memory part, 2 is an biput part. 3 is a woridng part, 4 Is an 
output part 5 is a inference drive part (interpreter), and 6 is a program execution part for storing the program 
and executing it as required. The interpreter 5 Is composed of general rule selection means 21, applicable rule 
holding means 22, rule reptadng means 23, applicable condition collating means 24. element retrieval means SO 
25. deletion element storing means 26. element deletion means 27, rule application means 28, element 
registration means 29, rule selection information transmitting means 30. and detailed rule selection means 31, 
Each part is explained in details below. 

The transformation knowledge memory part 1 stores transfonnatlon rules of plural kinds, such as general 
rule 10, and detailed njles 11,12. etc. For example, the general rule 10 is a main rule, or a transformation rule as SS 
shown In Fig. 3(a). The detailed rule 1 1 1s a subordinate rule, or a transformation rule as shown in Rg. 3(b). The 
subordinate rule may become a main rule of other subordinate rule. The detailed rule 12 is a developing rule, 
such as a rule for developing a gate having plural bit widths in every bit as shown in Rg. 3(c). 

Fig. 3 shows an example of IF-THEN type njle for transformating an abstract logic circuit not depending on 
technology Into a logically equivalent circuit composed of standard cells of CMOS type transistors. The main 60 
mie (a) In Rg. 3 expresses a general rule meaning. 'If other NOR gate is connected to ttie output of a certain 
NOR gate of which fan-out Is 1 , an AND-NOR compound gate making mie is applied.' The subordinate nile (b) 
in Fig. 3 is an AND-NOR compound gate making rule, and it is a detailed rule meaning, 'If two input NORs and 
three Input NORs are connected to two input NORs respectively, they are transformed into standard ceN 
antdOD and inverters connected to each Input.' However, the inverter connected to each input Is expressed in 65 
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irmcro simplified In the losic inversion having bnwid^^ 

expand the simple expression "to transform the logic inversion macro having a bit ^^*^^?P?^^ 1 1 

inverter of each bif into a real expression. In this embodiment, meanwhile, only two types m ^^^^^^^ |* 
12 are shown for the sake of ^icity. but It is also possible to use by classifying mto multiple types or det»ied 

^ The input part 2 enters the date expressing the circuit before transformation into the working n»rnory fwt 3. 
The working memory part 3 stores the data expressing the circuit before transfonnation. drcuit in the midst 
of transfonnation and circuit after transformation. An example of data expressing the circuit stored Inthe 
working memory part 3 Is shown m Rg. 4. Fig. 45hows data for expressing a circuit by the »"P"*;?^|P^ 

10 among elements, centered on elements. Fig. 4(a) is an example of data expressing the cifX5ult of Rg. 4(b) . The 
data Is composed of, basically. Wentfty name 41 for Identifying indivWual elements, plural attnbute codes 42, 
and their attrtoute values 43. In the example In Fig. 4(a), the pair of attribute code 42 and attribute value 43 is 
expressed by and each pair is dhnded by •;".The identity name 41 is distinguished from other data by ::: . 
Attrtoute codes 42 Include 'a-Wnd-oT for expressing the type of element. Input" for expres^ng the input 

IS signal name, "output* for expressing the output signal name, and •fanouf for expressing fan-out. This is an 
example of data of the woikftig memory part 3. and as the data In the vrorking memory part 3. data expressing 
the circuit by ps^ altentkwi to signal (that Is, net) may be used, instead of the data expressing by paying 
attention to element as in fWs example. . ^ ^. 

The output part 4 1^ out the data expressing the circuit after transformation from the working memory 

^ '^^e program executton part 6 stores the execution forms of various programs (or load modules) coded with 
programming ^gnals Prolog. Usp. C, etc., and executes these programs by the command from the 
interpreter 6 (particularly from the appficatfon condition collating means 24 and rule application means 28). 
These programs may Include judgement of comfltlon m the conditk»» part, vartous calculations, procedures in 

25 the conclusion part. ^ ^ ^ ^ 

The operation function of each means in the Interpreter 5 is explained together with the procedure of 

processing. _ 
Fig 6 Is allow chart showing an example of outline of circuit transfonnation processing in the interpreter 5. 
A processing step 51 Is the part for selecting the transfonnation rules sequwitiafly from the highest priority. 
30 in consideration of canceBalion of competitton of transfonnation ailes, which is processed by the general rule 
selectkm means 21 or detailed rule selection means 31 in Fig. 1. The priority order of transformation niles may 
be determined either belbrehand for each rule, or by certaun evahjation function (Index) or the fike. 

A processing step 52 Is to replace the portkm matching with the condition part of the detailed rule 12 by its 
conclusion part (expansion processing of the mle condition part). %vithin the condition part of the 
35 transformatton rule selected by the prevkjus step 51. by the rule replacing means 23 shown in Rg. 1. Types of 
this extensfon processing Include the expanston of each bit of the macro having bid width, and expand into 
relization of a simplified expression. , . 

A processing step 53 is to coDate each terni of the condition part of the transformation rule which te TO 
output of the processing step 52 with the data In the vroridng memory part 3 in Rg. 1 by means of the 
40 application condition coOaling means 24 (detaHs are mentioned later). 

A step 54 is to judge vifhether the condition part of rule is established or not by the coBatton prwjessing in 
the processing step 63. When the judgement of this step is established, a step 56 is executed, and If not 
established, a step 58 is executed. 
A processing step 55 Is to delete the elements stored m the deletion element storage means 26 worn me 
45 data in the woridng memory part 3 sequentially, by the element deletton means 27 In Rg. 1. 

A processing step 56 is to replace the portion matching with the condition part of the detaUed mle 12 with 
the conclusion part of Its detaUed rule (expansion processing of the rule conclusfon partj. within the 
conclusion part of the appOcable transformatton rule, by the rule replacing means 23 shown in Rg. 1. 
A processing step 57 is to update the data in the wortung memory part 3. add elements, or start up the 
SO subordiantBrule.bythenileappficatk)nmeans2BlnRg.1 (detailsofprocesslngaremention 

After this processing step 57. the operation returns to the processing step 53, and the same transfonnation 
mle is collated with the data in the woridng memory part 3. ^ , ^ m 

A step 58 is to jiK!ge whether the transformation nde to be applied next to the presently selected 
transformation mle Is present In the transformatton knowledge memory part 1 or not. If present, the operation 
55 returns to the processing step 51. and the next transfonnation mle is selected. If not present the 
transfonnation processing is terminated. ^ ^ m 

Fig. 6 is a flow chart showing an example of collation processing of the rule condition part m the Step M. 
A Step 60 is to specify the tenn to be processed In the condition part of transformation mle as the first term. 
That is. term number L of the processing term is No. 1. , * ^ w 

eo A step 61 is to judge whether the term in processing, that is. the L-th tenn expresses an element or not. it 
the L-th term Is to express an element, a step 62 Is processed, and othenvise a step 66 Is executed, 

A step 62 IS to check if the element con^espondlng to this L-th tenn is present in the worthing memory part 3 
or not by using the element retrieval means 25 in Fig. 1. 
A step 63 is to judge whether the corresponding element was present In the foregoing step 62 or not. If 
65 present (established), a step 64 Is processed, and If not present, the processing is terminated because the 
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condition is not 6stat)lished. 

A step 64 ts to judge whether the element of which existence has been confirmed in step 62 should be 
deleted or not when applying this conversion rule (that is, after the rule condition Is estabDshed), If the element 
is to be deleted, a step 65 is processed, and if not to be deleted, a step 68 is processed. 

A step 65 is to store the element Judged in step 64 into the deletion element storage means 26 shown in 5 
Rg. 1. However, nothing is stored In the deletion element storage means ^ in its initial state. 

A step 66 is to execute various processings such as condition judgement represented by the L-th term, by 
commarKi to the program execution part 6. 

A step 67 is to Judge whether the processing executed in the step 66 is established or not. if established, a 
step 68 is processed, and if not established, the processing is over because the condition is not established. 10 
Meanwhile, if the processing executed in step 67 does not require judgement, it is always regarded to be 
established. 

A step 68 is to judge whether the L-th temn is the final term or not. If the final tenm, processing is over as the 
condition is established, and if not final, 1 is added to L in step 69, and the processing after step 61 is executed 
repeatedly on the next term in the rule condition part. IS 

Rg. 7 is a flow chart showing an example of application processing 67 of the rule conclusion part 

A step 70 is to specify the term to be processed in the conclusion part of transformation rule as the first 
term. That Is, the M-th processing term is No. 1. 

A step 71 is to judge whether the term in processing, that is. the M-th term represents an element, does the 
start of subordinate rule, or does other processing. If representing an elem^t, a step 73 is processed, if start 20 
of subordinate rule, a step 73 is processed, and if other processing, a step 74 is processed. 

A step 72 is to add and register the element judged in the foregoing step 71 to the data in the working 
memory part 3 by the element registration means 29 shown in Rg. 1. 

A step 73 is to transmit the information relating to the subordinate mle Judged in the step 71 to the detailed 
rule selection means 31 by the rule infomnation transmission means 30, and executes the processing shown in 25 
the flow chart in Rg. 6 recursively, and apply the subordinate rule. 

MeanwhOe, when recursively executing the processing shown in the flow chart in Rg. 5. the rule selection 
processing 51 Is particularly processed by the detailed rule selection means. 

A step 74 Is to execute the various processing judged in the step 71, by commanding to the program 
execution part 6. 30 

A step 75 is to judge whether the M-th term Is the final term of the njle conclusion part if the final term, the 
processing is temiinated. and if not final, 1 is added to M in step 76, and the processing after step 71 Is 
repeatedly executed on the next term of the rule conclusion part. 

This is the processing of the circuit transformation processing in the first embodiment of this Invention. 
Besides, in the block diagram in Rg. 1. it Is also possible to process the expansion processing 52 <tf the mle 35 
condition part, and expansion processing 56 of the rule conclusion part properly in tlie midst of processing of 
collation processing 53 of the rule condition part, and the application processing 57 of the rule conclusion part, 
respectively. 

The processing shown in the flow chart in Fig. 5 can be easily realized by a high-grade programming 
language Prolog. Prolog Is explained, for example, in Programming in Prolog by W. F. Oodcslm, and C. S. 40 
Meinsh (Springer-Veriag, 1981). The realization by Prolog is described below. 

Rg. 8 shows description examples of the transformation rules shown in Fig. 3. 

That is, Rg. 8(a) is a description example of main rule in Rg. 3(a), and Rg. 8(b) Is a description example of 
subordinate nde In Rg. 3(b). Here, the general rule 10 is expressed by ' - = > ' and the detailed rule 11 by 
"1= > Mn Rg. 8(a), 'length (I-, 1^" is an incorporated predicate of Prolog meaning that the length of list L is M. 45 
and < N' means simlteurty that M is smaller than N. The symbol 7 at the right side of the rule shows the 
appHcaHon of subordinate ruie. The symbol at the right side of the rule in Rg. 8(b) means that the 
expanding rule is applied to a term having the '#* mark, and that the rule should be replaced. 

When such rule as shown in Rg. 8 is stored in the transformation knowledge memory part 1. a series of 
processings of steps 53. 54. 55. 57 in the flow chart shown in Fig. 5 can be easify realized as foKows by Prolog. SO 



inference (LHS, RHS):- 

unify_left(LHS, L, []), (D ss 

remove^gates (L) , 
call (HHS) . 



That is. the first argument of 'lnference(LHS, RHS)' Is the condition part (that is. the left side) of the 
selected rule, and the second argument RHS is the conclusion part (or the right side) of the rule. Furthermore, 
"unity-Jeft(LHS. D)' realizes the step 53, •removeL«^tes(L)" does the step 55. and "call(RHS)' does the 
step 57. The Judgement in the step 54 depends on whether the "wilty-Jeft" precficate Is successful (toie) or 
unsuccessful (fall). The predicate 'removeL.gates(L)' realizes the element deletion means 27 to be done In 
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the processing of step 65, and its argunnent L Is a Dst of element to be deleted, realizing the deletion element 
storage means 26. 

The processing of step 53 In Rg. 6 fes the predicate •un»y-Jeft(P. LI . L2)', and It can be realized as follQwed 
by Prolog. 



unify_left((Pl, P2) , Ll, L3):-i, 
unify^left (PI, LI, L2) , 

uni£y_left(P2, L2, L3) . 
unl£y_le£t ( (Gate name; : : Slots) , [ (Gate_naxae: : 
:Slots)lL], L):-I, 

^ify_9ate(Gate, Slots). 
unify_left(?P, L, L):-l, 

unify_left(P, []) , 
unif y_lef t ( (not P) , L):-i, 

not(unify_left(P, [])). 
unify_left(P, L, L) :- 

P. 



In the above Prx>log clauses, the first clause means that the rule condition part is recursively processed by 
j5 each term, and the second clause, if the term of the rule condition part in the first argument expresses an 
element, retrieves to see if there Is a corresponding element in the working memory (working memory part 3), 
and if a corresponding element Is found, that element is stored in the list of the third argument (step 65). 
MeanwhOe, *unify— gates(Gate. Sbts) ' is a predicate realizing the element detection means 25 for processing 
of step 62. The third clause Judges the element not to be deleted by *?* (step 64). and no element is stored on 
40 the list of the second argument. The fourth clause is a portion for processing the negative expression in the 
term of the rule conditton part, which is not explained in Fig. 6. for the sake of simplicity. The fifth clause is to 
process the step 66. At this time, since the venous processing programs are also realized by Prolog, the 
program execution part 6 is the processir^g system of Prolog (that is. the deduction mechanism of Prolog) 
itself. Besides, because of the cut operator ** in the third clause, if tlie searched element Is not touruJ in the 
45 worldng memory (that is, the predicate "unlfy__gate' falls), the entire "unlfy-Jeff predk»te fails. 

The proo»sing of step 57 shown In RQ. 7 is deduced by the processing system of Prolog by the predicate 
^calKRHS)-. The Judgement of step 71. and steps 72 and 73 can be easily realized as follows. 

SO (Gate_naine : : : Slots ) : - 

add^^gate (Gate^name , Slots / ) ^ 1 • 
8P:-!, subrule_inference(e=>, P,), 

ss 

Of these clauses, the first clause processes the step 72 if the term of the conclusk)n part of the rule 
expresses an element. The predicate "add— gate(Gate-.j»ame, Slots)" realizes the element registration 
means 29. The second clause processes the step 73 if the term of the conclusion part of the rule expresses the 
60 application of subordinate rule. The predicate 'subrule-Jnferenced- < , P)' Is an example of realizing the rule 
selection informatton transmission means 30. In this case, the applicatk>n processing of suborcfinate rule may 
be reafized easily by selecting the subondinate rule as shown bekaiw, and recursively executing the predicate* 
lnference(Q, RHS)* to that subordinate rule. 

65 
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subrule_inference (Op^ P) 

select_rule(Op^ (P, Q) , RHS) , 
inference (Q, RHS) , ! • 



Here, the predicate *select--rute(Op, (P, Q), RHS)' realizes the detailed rule selection means 31. For 
example, with respect to the rule description shown in Rg. 8, the predicate 'select-jTjIe* can be easily 10 
described as follows. 



select_rule(Opr LHS, RHS):- 

Rule=. . [Op, LHS, RHS] , 
Rule. 

Meanwhile, in the example of realizing an embodSment by Prolog shown above, the applicable rule holding 
means 22 is realized by holding the condition part and conclusion part of each rule, respectively by the first 
atijument LHS of the predicate "unify_ieft(LHS. L. n)" appearing in the clause (1) descriving the above 
predicate *inference(LHS. RHS). and the argument RHS of the predicate "cali(RHS)*. The general rule 
selection means 21 Is easily realized, same as the detailed rule selection means 31. by using the unification 
fimction of Prolog. 

Meanwhile, the processing of step 56 shown In the flow chart in Rg. 5 is easily realized in the following cause 
by describing the expandbfig rule as shown In Rg. 9. 



#P:-1, (P#=>Q), 
call (Q) . 
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Likewise, processing of step 52 may be easily realized. 

An example of description of expanding rule shown in Rg. 3(a) is indicated in Rg. 9. 

MeanwhOe, in the example realized by Prolog above, T, " # '?", 'not*. = '1- >",•#-> 
and '::* are supposed to be declared by the operator. 40 

In the above example, the embodiment is realized by using the high-grade programming language Prolog, 
but it is also possible to realized by using other high-grade programming languages, such as Usp and C. 

According to this embodiment, as shown in Rg. 2. it is possible to collect transformation rules differing only 
in part of the condition part and conclusion part, and build up these rules into a hierarchical structure 
comprising main rules composed of their common parts, and subordinate rules describing the differences of 45 
the Individual rules, and ttierefore the following effects are brought about. 

(1) The transformation rule may be described In a form very close to the image possessed by the 
designer. 

(2) The rule description is simple. 

(3) The quantity of description per rule can be reduced because construction of rule in step structure, SO 
and simple description of elements having bit width can be realized. 

(4) Since the transfonmation mies can be classified* the design knowledge necessary for circuit 
transfonnatlon may be ananged and stored on the knowledge base. 

(5) By the rule structure making, the inference efficiency is notably improved, and the processing speed 

is about 4 to 7 times as high as compared with the case without structure making. 55 

Second embodiment 

A second embodiment of this invention is now described below in reference to the drawings. 

Fig. 10 is a block diagram showing a basic structure of the second embodiment of this Invention, in which 60 
numeral 1 denotes a transformation knowledge memory part, 2 is an input part, 3 is a woridng memory part. 4 is 
an output part, 5 is a inference drive part (Interpreter), 6 Is a program execution part for storing programs and 
executing as required, and 7 is b togic inversion knowledge menmy part for storing the knowledge relating to 
the togki inversbn. 

The Interpreter 5 Is composed of rule selection means 15, applicable mie holding means 22. applicable 65 
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condition collating means 24, element retrieval means 25. deletion element storage means 26. element 
deletion means 27, rule application means 28, element registration means 29. and inverted signal generation 

means 32. -u i 

In this eml>odimBnt. a particularly simple rule base system example Is shown, but It nwy t» easily analogized 
5 by an other generalized rule base system. Furthermore, this invention does not depend on presence or 
absence of program execution part. Or the transfonnation knowledge memory part and logic mversion 
knowledge memory part may be combined to compose a knowledge memory part (knowledge base). 
These parts are described in details below. 

The transformation knowledge memory part 1 stores the transfomiatlon mle 13, for exampte. as shown m 
10 Fig. 20. 

Fig. 20 Is an example of IF-THEN type rule for transformation a technology-Independent abstract togic drcuit 
into a logically equivalent circuit composed of standard cells of CMOS transistors. That is. the mle of Fig. 20 
expresses a transformation rule, meaning 'If 2 Input AND elements and 3 Input AND elements of which f an-out 
is 1 are connected to both Inputs of 2 Input NOR elements, they are transformed Into Ai^lD-NOR compound 
15 gate antdBBi* 

The Input part 2. work^ memory part 3, output part 4, Interpreter 5. and program execution part 6 
correspond to the parts In the first embodiment. 

The logic inversion knowledge memory part 7 stores the logic Inversion rule 20 indicating the logic inverston 
relatton Examples of the logic inversion rule 20 may include the mle of togtcally inverting the output in the 

20 circuit of same Input, the rule of logically inverting one of the inputs in a circuit of same output of the contrary, 
and the mle of logically inverting two outputs mutually such as in fllp-ftop. Fig. 11 A relates to a togic inversion 
rule, particularly a mle of logically inverting the output in two circuite with same Input. In the example in Fig. 1 1 . 
it shows the AND element and i^ND element, or OR element and NOR element, having the same inputo 
corresponding to each other by the symbol are mutually In the logically inverted relation in their 

25 outputs. Beskles. In the logic inverston mle, by transforming the NOR element shown in Fig. 11B into NAND 
element receiving the logic inversion J?. 2 of its inputs X. 2 as the inputs, the mle for generating togic Inversion 
? of Y may be used, or virith respect to the mput Y of AND element as shown in Fig. 1 1 C. the rule of generating 
logic inversion ? of Y by the NOR element receiving the logic inversion H of another input X as input may be 
also used. 

30 The operation functton of each means in the interpreter 5 is explained betow together with the processing 
procedure. 

Fig. 12 is a flow chart showing an example of the outline of circuit transformation processing in the 
Interpreter 5. \ 
A processing step 51 is to select the transfonnatfon rules sequentially m the order of priority in > 
55 consUeratlon of cancellatton of competitton of mies. which is processed by the mle selection means 14 in 
Rg. 10. The priority order of transfomutton rules may be either specified in advance for each rule, or 
determined by certain evaluation functton (Index) or ttie fike. 

A processing step 53 is to coQate each tenm of the condition part of the transformation rule whteh is the 
output of processing step 52 against the data in me wortdng memory part 3 In Fig. 10. by the appiicatton 
40 condition collating means 24 (the details of this processing are desoribed in Fig. 6 relating to the fM 

emt>odiment). ^ ^ „ ^ 

A step 54 is to judge whether the conditton part of the mle is established or not by the coUatton processmg 
of step 53. If the judgement of this step is established, a step 55 is processed, and If not established, a step 58 
is executed 

45 A processing step 65 Is to delete the element stored in the deletion element storage means 26 sequentially 
from the data in the working memory part 3. by the element deletion means 27 in Fig. 10. 

A step 57 is to update the data In the wortdng memory part 3. and add elements, by the mle appiicatton 
means 28 in Fig. 10. (The details of this processing are described in Fig. 7. relating to the first embodiment.) 

After this processing step 57, the operatton returns to the processing step 53, and the same transformatton 
SO mle is collated against the data in the working memory part 3. 

A step 58 is to judge whether the transformation mle to be appBed next to the presently selected 
transfonnatton mle Is present in the transfonnatton knowledge memory part 1 or not. If present, the operatton 
returns to the step 51, and the next transfonnatlon mle is selected; if not present, the transformation 
processing is terminated. 

fl5 Rg. 13 is a ftow chart showing the step 72 in Fig. 7 v»fhich is a principal part of this invention, and an exannple 

of inversion logte generating method which is one of the inventtons. 
A step 80 is to, when logic inversion signal % Is used in the input signal and output signal of registered 

element, generate signal Yi which is a togic inversion of that signal X in the data circuH in the wortdng memory 

part 3. The details of processing are shown in Rg^ 14. 
&) A step 100 is to replace all togto inversion signals X of input signals or output signals of registered element 

with con-esponding signal Yi, by using the signal Yi generated In the foregoing step 80 by the element 

registration means 29 in Fig. 10. and to register the element in the data in the working memory part 3. 
Rg, 14 is a flow chart shwoing the detaQs of an example of step 80 in Fig. 13. The steps from 81 to 88 are the 

processing on the signals entered in the registered element, and the steps from 91 to 98 are the processing on 
55 the signals delivered from the registered element In the example In Fig. 14. after processing on all input 
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signals, output signals are processed. To the contrary, processing on output signals, or processing without 
being conscious of the sequence of Input signals and output signals may be also considered. The processing 
Is described in details below. 
First, each input signal is processed from steps 81 to 87. 

The step 81 is to Judge whether the input signal Is an undetermined signal (a signal without determined 5 
name) or not. If undetermined, as a result, the step 82 Is processed, and othen^e step 83 is executed. 
The step 82 is to assign a signal with a signal name. 

The step 83 is to Judge whether the input signal is a logic Inversion signal (that is, the signal expressing the 
format of logical negation ? of a certain signal Y) or not. If it is a logical negation signal, the step 84 is 
processed, arKj othenwise the step 88 Is executed. 10 

The step 84 is to Judge which one of the logic inversion rules 20 in the logic inversion Icnowledge memory 
part 7 is applicable for generating a logic inverted signal. That is. when generating a logic inverted signal 7 of 
signal Y, it is Judged whether the circuit v^ch is either the left side (the left side of ' — ^' or the tight side of 
the logic inversion rule shown in Rg. 11 A (or Rg. 11B) and of which output signal is Y is present in the data 
drcuit in the working memory part 3 (that is, whether matched with pattern) or not. For instance, in the 75 
example in Rg. 1 1 A. it is Judged whether 2-input AND circuit, 2-input OR circuit or the like having output signal 
Y is present in the data circuit in the working memory part 3, or not. If present, as a result, the logic inverston 
rule is applicable, and step 85 is executed, and if not present in any mle. step 87 is executed. 

The step 85 Is to delete the circuit at the left side or right side (as matched in the previous step) of the logic 
inversion rule judged to be applicable in the foregoing step 84. from the data in the working mermry part 3. and 20 
the corresportiding right skle or left side of the rule is additonally registered in the working memory part 3. For 
example, in step 84. if the first rule In Rg. 11A can be applied, the AND element of the output signal Y 
confirmed to be present \n the step 84 is deleted from the working memory part 3. and the NAND element of 
the conresponding same input signal is additionally registered In the working memory part 3. Deletion of 
element is same as In step 55 in Fig. 12. Registratton of element may be also realized by recursively executing 2$ 
step 72 in Rg. ia 

The step 86 is to addithDnaily register the inverter having input signal Y and output signal Y in the working 
memory part 3. in order to keep the signal Y deleted by the processing of the previous step 65. It is. however, 
not necessary to additionally register the inverter unless an element having this signal Y as input signal is 
present in the data circuit in the working memory part 3 after the processing of step 85. 30 

in the step 85. meanwhile, when transforming the inverter Into a buffer (that is. when the inverter having 
input signal Y or output signal Y is present in the data circuit), since the output signal or input signal of the 
inverter is inverted signal Y, the step 85 is only to pk:k up the inverted signal ?. and the step 86 may be omitted. 
Ukewlse. if a flip-fk>p having an output signal Y is present in the data circuit, the step 85 is only to pick up the 
inverted signal and the step 86 is omitted. ^ 

The step 87 is to generate an inverted signal ¥ by additionally registering the inverter of input signal Y Into 
the data in the working memory part 3, if any logfc inversion rule cannot be applied in step 84. 

Registration of inverter in steps 86, 87 can be realized by recursweiy executing the step 72 in Rg. 7. 

The step 88 is to Judge whether the processing of steps 81 to 87 has been effected on all input signals of the 
registered elemem or not If processed on all Input signals, the output signals are processed (steps 91 to 98) ; 40 
otherwise, steps 81 to 87 are executed again on unprocessed input signals. 

For ou^Mit signals, similarly, steps 91 to 87 are executed. 

The steps 91. 92. 93 are same as the preceding steps 81. 82. 83. and are not explained herein. 

The step 94 is to Judge, similarly to step 84. which one of the bgk: inverskm rules 20 in the togic inversion 
knowledge memory part 7 is applicable for generating k>glc inverted signals. Thai Is. when generating logic 45 
inverted signal of signal Y, it is judged whether the circuit k)cated at either left side or right side of any one of 
the logic inversk>n rules and one of which input signals is signal Y is matched with the pattern of the data in the 
working memory area 3 or not. If matched, as a result, the step 95 is executed: othenvise. the step 96 is 
executed 

The step 95 is to generate a desired logic inverted signal, by using the logic inversion rule which is Judged to SO 
be applicable in the step 94, same as in step 84. For example, if the 2-input AND element at the left side of the 
logic inversion rule in Rg. 11C is matched in pattern, the element is deleted from the working memory part 3, 
and a NOR element having same output signal and also input signals X, ? is additionally registered in the 
working memory part 3. Deletion of element is same as in step 55 In Rg. 12. Registration of element is realized 
by recursively executing step 72 in Rg. 7. ^ 

The step 96, simllarty to step 87, is to generate an inverted signal Y by additionally registering the Inverter of 
output signal Y in the data in the working memory part 3, if any logic inversion oile cannot be applied in step 94. 

In step 94, however, if matched in pattem with the inverter having input signal Y, if plural elements receiving 
signal Y as input are present in the step 95, since the output signal of the inverter Is 7. only the inverted signal ? 
Is picked up. and the Inverter is not deleted. 60 

The step 97 is to process the steps 94 to 96 repeate(8y if the logic Inverted signal 7 has plural element inputs 
(that is. the faivout Is plural). When processing of steps 94 to 96 is over on all elements receiving the signals to 
be logically inverted as Inputs, the step 98 Is executed; otherwise, steps 94 to 96 are executed on the 
unprocessed portion. 

The step 98 is to Judge In order to execute steps 91 to 97 repeatedly individually if the registered element has 65 
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plural output signals, same as in step 88 above. 

Of these steps, the steps 84 to 87 on Input signals, and steps 94 to 97 on output signals are effected by the 
Inverted signal generating means In Fig. 10. , » 

In the above examples, generation of lotfc Inverted signal of both input and output signals was taken into 
5 consideration, but it is also possible to realize easily in the case of Input signal only or output signal only. 

Explained so f^ is the circiA transformation processing in the second embodiment. Meanwhile, the 
processing In the flow chart In Fig. 5 may be reasily realized by Prolog, exactly m the same manner as m the 
first embod^nt 

An example of realizing logic inversion generating method (by Prolog) Is briefly described below. 
10 Rg. 16 Is a description example of a logic Inversion rule shown in Fig. 11A. 

For example, when the logic inversion rule shown in Fig. 16 is stored in the logic inversion knowledge 
memory part 7. a series of process^ ^ steps 84, 85. 86. 87 shown in the ftow chart in Rg. 14 may be easHy 
realized as follows by Prolog, 

IS 

reverse_logic (X, Z) 

P=(G: : :a_kind_of : :X;_) , 
^ Q=(G: : :a_kind_of : :Z;_) , 

select_rule ( ' ' / P , Q) , 
uni£y_left(P, [P] , 11). 



30 



60 



65 



replace^gate (P , Q) 



reverse_logic (X , Z ) : - 

create_inverter ( (input: :X;output : : Z) ) . 



That is. the predteate "reverseuJoglcpc. Y)" means that the logic inversed signal of signal X of the first 
argument is signal Z of the second argument. At this time, the step 84 in Fig. 14 is realized by the precflcate 
-setect-jule(0 - - © , P. Q)' and the predkaato •unlfy-Jeft(P, [PI. U)' in the first dause. Meanwhile, the 
^ predicate *replace-.gate(P. Q)' realizes the steps 85, 86. An example of predicate 're pla c e — gate' is shown 



40 replace_gate ( : :a_kind_of : : inverter iji ! . 



replace_gate ( : output (Q) : output (*Q) : 
replace_gate(P, Q) 
^ P=(G: : :a_kind_of : :kind;_: :X;_) , 

remove_f rarae (G) r 
55 calKQ), 

create inverter ( ( input : : Z ; output : : X) ) . 



The first clause corresponds to a case of transforming the inverter into a buffer stated above, while the 
second clause corresponds to a case where a flip-flop exists. In the second clause. 'Q means the terminal for 
delivermg the logic negation signal of the output signal of output terminal Q. In the third clause, the predicate 
"remove_Jrame(G)" and the predicate "call(Q)" realize the step 85. and the predicate "create— inverter 
({nput:2;output::X)' realizes the step 86. 

The second clause in the above predteate "reverse-Joc^cCX. 2)" is the portion for executing the addittonal 
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processing (step 87) of the Inverter when the inversion rule cannot be applied. 

The predicate 'create-Jnyerter" is for additionany registering the Inverter in the working memory part 3, 
which is easily realized as follows. 

create^inverter (Slots) 

call ((_::: a_lcind_of : : inverter ; Slots) ) . 
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By effectively utilizing the inverted signal generation means realized in Prolog, for example, the description 
example of Rg. 16 can express the consluslon part of the rule very simply by using the logic Inverted signal as 
shown In Rg. 17. In Rg. 17. the symbol " - " (or*-* means the logic Inversion. That is. • -X* means and inverted 
signal of signal X. Besides, at step 83 and step 93 in Rg. 14, the judgement of whether or not logic inverted ,5 
signal may be easily reafeed by judging if ' ' is attached to the signal name or not. Meanwhile, in Fig. 17. it 
may be also considered to described simply "-PCI, X21' instead of "I -XI. -Xa]". 

Furthermore, the judgement of undetermined signal (step 81 and step 91) may be realized by judging if the 
signal name Is a variable or not. by using the Incorporated predicate 'varW of Prolog. In the determination of 
signal name in steps 82 and 92, a signal name may be easily generated by the predicate 'gensym* which Is a 20 
basic predicate Prolog. 

In addition, the inverted logic generating method to the output signal (steps 94, 95. 96, 97 in Fig, 14) may be 
also realized easily as In the case of input signal. 
In the above examples realized by Prolog, "not". = and are supposed to be declared by 

the operator. . , ^ ^ ^ 

In these examples, the embodiment was realized by using the high-grade programming language Prolog, 

but It is also possible to realize by other high-grade programming languages such as Usp and C. 
According to this embocflment. since logic inverted signals can be used In the transformation rules, and it Is 

not necessary to be conscious of the generating method of logic inverted signals, the following effects are 

brought about. ^ *u ^ 

(1) The transformation rule may be descritmd in a form very close to the Image possessed by the 

designer. 

(2) The rule description Is simple. 

(3) The quantity of description per aile can be reduced because construction of rule In step structure. 

and simple description of elements having bit width can be realized. 35 

(4) Since the transfbrniatlon rules can be classified, the design knowirtedge necessary for circuit 
transfromatlon may t)e arranged and stored on the knowledge base. 

(5) By automatic generation of logic inverted signal, the inference efficiency Is notably enhanced, and 
the processing speed may be increased. 

40 

Third embodiment 

A third embodiment of this Invention Is described below while referring to the accompanying drawings. 

Fig. 18 is a block diagram showing a basic structure of the third embodiment of this invention, in wWch 
numeral 1 denotes transformation knowledge memory means. 2 is an input part, 3 Is a working memory part. 4 45 
is an output part, 5 Is a inference drive part (interpreter). 6 is a program execution part for storing programs 
and executing as required, and 8 Is equivalent logic knowledge memory part for storing the knowledge about 

equivalent logic. ,^ „ wi 

The Interpreter 6 Is composed of rule selection means 14. applicable rule holding means 22, applicable 

condition collating means 24. element retrieval means 25. deletion element storage means 26, elenient so 

deletion means 27. rule applicatkjn means 28, and element registration means 29. 
In this embodiment, an example of particularly simple rule base system is shown, but It may be easily 

analogized by an other generalized rule base system. This Invention, meanwhile, does not depend on the 

presence or absence of program execution part, and the transformation knowledge memory means and 

equivalent logic knowledge memory means may be combined to compose knowledge memory means ss 

(knowledge base). 
These parts are described In details below. 

The transformation knowledge memory part 1 , input part 2. working memory part 3. output part 4, interpreter 
5. and program execution part 6 correspond to the parts In the first and second embocfiments above. 

The equivalent logic knowledge memory means 8 stores equivalent logic rule 40 showing a togically ^ 
equivalent relation. Fig. 19 is an example of equivalent logic rule. In the example In Rg. 19, It shows that "AND" 
and 'logic negatfon of output of NAND'. and "AND' and 'NOR by logic negation of its input' indicated In 
con-esponding relation by the symbol are in equivalent logic relation, respectively. 

The operation function of each means In the Interpreter 5 is explained together with the procedure of 
processing. SS 
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Fig. 12 is a flow chart showing an example of outfine of circuit transformation processing in the interpreter 5. 
A processing step 61 is the part for selecting the transformation rules sequentially from the highest priority, 
in consideration of cancellation of competition of transformation rules, which is processed by the rule 
selection means 14 in Fig. 18. The priority order to transformation rules may be detemnined either beforehand 
5 for each rule, or by certain evaluation function (index) or the lilce. 

A processing step 53 is to collate each term of the condition part of the transformation rule which is the 
output of the processing step 52 with the data in the working memory part 3 in Rg. 18 by means of the 
application condition collating means 24 (details are mentioned later). 
A step 54 is to Judge whether the condition part of rule is established or not by the collation processing in 
10 the processing step 53. When the Judgement of this step Is established, a step 55 Is executed, and If not 
established, a step 58 is executed. 

A processing step 55 is to delete the elements stored in the deletion element storage means 26 from the 
data in the working memory part 3 sequentially, by the element deletksn means 27 in Fig. 18. 
A processing step 57 is to update the data in the working memory part, or add elements, by the nile 
15 application means 28 in Rg. 18 (detafls of processing are mentioned later). 

After this prooes^ step 57. the operation returns to the processing step 53. and the same transformation 
rule Is collated with the data In the working memory part 3. 

A step 58 is to Judge whether the transfbnnatton rule to be applied next to the presently selected 
transf omiation rule is present in the transformation knowledge memory part 1 or not If present, the operation 
20 returns to the processing step 51. and the next transformation rule is sheeted. If not present, the 
transformation processing is terminated. 
Fig. 6 Is a flow chart showing an example of collation processing of the rule conditton part in the step S3. 
A step 60 is to sepcify the term to be processed in the condition part of transformatton rule as the first term. 
That is, term number L of the processing term is No. 1. 
25 A step 61 is to Judge whether the term In processing, that Is. the L-th term expresses an element or not. If 
the L-th term is to express an element, a step 62 is processed, and otherwise a step 66 is executed. 

A step 62 is to check if the element con^spondtng to this L-th term is present In the working memory part 3 
or not, by using the element retrieval means 25 tn Rg. 18. 
If the element corresponding to the L-th term is not present in the working memory part 3. and if there is an 
30 equivalent logic itile relating to the element of the L-th term in the equivalent k>gic rule 40 stored in the 
equivalent logic knowledge memory part 8. this niie is used, and it is checked whether any circuit k)gk»lly 
equivalem to the L-th element (that is. the circuit composed of a single element or plural elements) is present 
in the working memory part 3 or not If present, this circuit is used Instead of the L-th element, and the 
subsequent processing is carried out 
55 A st^ 63 is to Judge whether the corresponding element (in its substitute ctouit) was present in the 
foregoing step 62 or not tf present (established), a step 64 is processed, and if not present the processing is 
terminated because the condition is not established. 

A step 64 is to Judge whether the element of which existence has been confirmed In step 62 should be 
deleted or not when applying this transformation rule (that is. after the rule condition is established). If the 
40 element is to be deleted, a step 65 Is processed, and if not to t>e deleted, a step 68 is processed. 

A step 65 is to store the element Judged in step 64 into the deletion element storage means 26 shown in 
Rg. 18. However, nothing is stored In the deletion element storage means 26 in Its initial state. 

A step 66 is to execute various processings such as condition judgement represented by the L-th term, by 
command to the program executk>n part 6. 
45 A step 67 is to judge whether the processing executed in the step 66 is established or not. If established, a 
step 68 is processed, and If not estab&shed, the processing Is over because the condition is not estat>lished. 
Meanwhile. If the processing executed in step 67 does not require judgement, it is always regarded to be 
established. 

A step 68 is to Judge whether the L-th term is the final term or not. If the final tenn, processing is over as ttw 
50 condition is established, and If not final, 1 is added to L in step 69. and tiie processing after step 61 is executed 
repeatedly on tiie next term In the rule condition part 
F^. 7 is a flow chart showing an example of appUcation processing 67 of the rule conclusk)n part 
A step 70 is to specify tiie term to be processed In the conclu^on part of transformatton rule as the first 
term. That is, the M-th processing term is No. 1. 
55 A step 71 is to judge whether the term In processing, that is. the M-th term represents an element, does the 
start of subordinate rule, or does other proce8slng..lf representing an element a step 73 is processed. If start 
of subordinate rule, a step 73 is processed, and if other processing, a step 74 is processed. 

A step 72 is to add and register the element Judged in the foregoing step 71 to the data in the working 
memory part 3 by the element registration mearts 29 shown in Fig. 18. 
610 ff the element to be added and registered is not suitable as the element to compose the circuit after 
transfonnatlon. and if there is an equivalent k>gic rule relating to that element in the equivalent logic rule 40 
stored in the equivalent logic knowledge memory part 8. that rule is used, and instead of the element to be 
added and registered, a circuit which is equivalent to the element logically and Is appropriate (that Is. a circuit 
composed of single element or plural elements) is added and registered to the working memory part 3. 
65 A step 74 Is to execute the various processing Judged in tiie step 71, by commanding to the program 
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execution part 6. 

A step 75 is to judge whether the M-th term is the final tenn of the rule conclusion part. If the final term, the 
processing is temninated, and If not final. 1 Is' addisd td M Ih step 76, and the processing after step 71 is 
repeatedly executed on the next temi of the rule conclusion part 

This ends the explanation of the circuit transformation processing In the third eml>odiment. Next, the circuit 5 
transformation processing by employing the circuit transfomiatlon method of this Invention Is described below 
together witii practical examples. 

Fig. 22 is an example showing part of the circuit stored In the working memory part 3 in the foregoing 
embodiment In the circuit in Rg. 22. inverter 101 . inverter 102, NOR 108. NAND 104, Inverter 106, and NOR 106 
can be transformed into AND-NOR compound gate antdCB. 10 
In the conventional transforming method, this transfomiatlon can be realized in two manners. 

(1 ] The first manner Is to make a transformation rule as shown in Rg. 23 which is logically equivalent to 
the rule to be transformed into the AND-NOR compound gate shown in Fig. 20, and apply it to the circuit 
In Fig. 22. 

In this method, as evident by comparing the transformation rule In Fig. 20 with the transformation rule in IS 
Fig. 23. the transformation rule is complicated, and it is necessary to make a rule corresponding to each 
case. 

(2) In the second manner, first applying the transfbmiation rules a and b shown in Fig. 24, the Inverter 
101 and inverter 102 and NOR 103. and NAND 104 and Inverter 105 shown in Fig. 22 are respectively 
transfonned into 2-input AND and 3-input AND, and then the transfonnatlon mle shown in Fig. 20 Is 20 

applied. 

In this method, the individual transformation rules are simple, as compared with the first manner, but It Is 
necessary to transform three times while once is enough in the first manner, and the number of rules is 
increased ar)d the access to the working memory part is often required. 
The method of this Invention can solve the conventional problems. That is. when the transformation rule 2S 
shown in Rg. 20 is applied to the circuit in Rg. 22. the inverter 101 and Inverter 102 and NOR 103 are 
recognized as 2-input AND by using the equivalent logic rule (b) shown In Rg. 19. and the NAND 104 and 
inverter 105 are recognized as 3-input AND by using the equivalent togic rule (a) In Fig. 19, thereby 
transforming circuits and generating a circuit as shown In Fig. 25. 

According to this embodiment, by effectively utilizing the simple equivalent logic mles. multiple processings 30 
are possibles with a small number of simple rules, and hence the following effects are brough about 

(1) The transfonnaton rule may be described In a form very close to the image possessed by the 
designer. 

(2) The mle descriptton Is simple. 

(3) The quality of descr^tion per rule can be reduced, while the number of transfonrnation mles is 35 
decreased. 

(4) Since transformation rules can be classified, the design knowledge necessary for circuit 
transfbmmtkm can be arranged and stored in the knowledge base. 

(5) The inference efficiency is notably increased by the use of equivalent logic rule, so that the 
processing speed may be increased, too. ^ 

Meanwhile, relating to the embodiments of logic designing system employing the circuit transformatfon 
method of the first, second or third embodiment described herein, the function description translating means 
for transtetbig the function description in hardware language into connection information of function btock is 
specifically described in the Japanese Patent Application No. 62-241289. and the circuit transformation means 
for transfonnlng tiie connection information of function block Into connection information of circuit or k>glc 45 
circuit may be easily realized by the embodiments of this invention. 

As explained hereabove by referring to three embodiments, according to this Invention, in the circuit 
transfonnation or logic design necessary when mounting circuits possessing same function by different 
technologies (or devices), the transformation knowledge possessed by the designer can be easily taken into 
the system by describing by a rule in a simple fomriat, and the circuit transfonnation processing by computer 50 
may be carried out at high quality as proficiently as tiio skilled designer, while the processing speed may be 
increased by the efficient inference. Furthemnore it is also possible to cope with technology changes. 
Accordingly, the designing manpower and cost are reduced, and the design quality is enhanced. 

While specific embodiments of the inventton have been illustrated and described herein, it is realized that 
other modifications and changes will occur to those skilled in the art. It is therefore to be understood that the SS 
appended claims are intended to cover all modifications and changes as fail within the true spirit and scope of 
the Invention. 



60 

aaims 



1. A circuit transfonnation system comprising a transfomwtion knowledge memory part for storing 
circuit transformation knowledge, a circuit transfonnation working memory part, an input part for entering 65 
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circuit data into said worldng memory part, an output part for delivering circuit data from said working 
memory part, and a inference drive part for infering on the tresis of said circuit transfonnation knowledge, 
for translbrming a circuit composed of elements t)etenging to a first element set Into a logtaally equivalent 
circidt composed of only elements betonglng to a second set, 

5 wherein said transformation knowledge memory part possesses a program execution part for storing and 
executing programs for executing various processings Including the Judgement, operation and vanous 
functtons used in the concfition part or Inference part of transtbrmatton rules by storing plural types (or 
kinds) of transformation rules expressed in the condition part and conduekin part, and sakl deduction 
drive part comprises appncable rule holding means for holding the transfonnation nite to be appUed from 

10 the transformation knowledge memory part, element retrieval mear>s for retrieving elements from the data 

in the woridng memory part appfication condition collating means for collating the data In the working 
memory part against the condition part of the appfication rule held in the application rule holding means by 
various processings by the element retrieval means or program execution part, deletion element pickup 
means for picking up and indicating the element to be deleted from the applteation m!e after the condition 

1$ part of the appitoatton rule is established, element deletton means for sequentially deleting the elements 
picked up by the deletion element pk^kup means from the data in the working memory part after 
confirming the establishement of the condition part of the application rule by the application condition 
collating means, element registration means for additionally registering by picking up elements to be 
registered to the data in the woridng memory from the applcatfon rule, rule application means for 

20 updating the data In the woridng memory part by executing various processings or elements mentioned In 
the conclusion part of the appBcatkm rule, by registering by the element registration means or executing 
by the program execution part after confirm^ the establishment of the condition part, and rule selection 
infdrmatton transmlsskm means for transmitting the information for selecting the transformation rule to 
be applfed to the rule selection means when executing the conclusion part of the application rule by the 

25 rule application means. 

2. A circuit transformation system according to claim 1 , wherein the inference drive part comprises rule 
replacing means for selecting a second conversion rule possessing a concfition part matching to whole or 
part of the condition part or concli^on part of a first transfonrnatkxi njle held in the application rule 
holding means from the transfonnation knowledge memory part, and replacing the portion of the first 

30 transformatkjn rule matching with the condition part of the second transformation rule by the conclusion 
part of the second transformation rule. 

3. A circuit transformation system according to claim 1, wherein deletion element storage means is 
provided instead of the deietk>n element pickup means, for picking up the elements to be deleted by the 
appllcatton conditk)n coUating means at Ihe time of collation of application condition of the transformation 

35 rule, and storing the elements in the inference d'irve part. 

4. A circuit transformation method comprising a circuit transformatfon knowledge memory part storing 
transformation rules of plural kinds expressed by the condition part and conlusion part, a inference drive 
part for InfMig on the basis of ttie transfonmatlon rules, and an applicable rule holding step for holding 
the transformation rule to be applied from the transformation knowledge memory part, wfterein said 

40 inference drive part comprises a rule replac'mg step for selecting a second transformation rule having a 

conditkHi part suited to whole or part of the condition part or conduston part of a first transformation rule 
held in the appllcatton rule holding means from the transformation knowledge memory part, and replacing 
the portion matching to the condition part of the second transfbrmatkin rule out of the first transf omnatkMH 
rule with the conclusion pari of the second transformation rule. 

45 5. A circuit transformation system comprising a transformation knowledge memory part for storing 

circuit transformatkwi knowledge, a circuit transformation woridng memory part, an input part for entering 
circuit data into said working memory part, an output part for delivering circuit data from the woridng 
memory part, and a Inference drive pairt for infering on the basis of the circuit transformation knowledge, 
for transforming a cfrcuit composed of elements belonging to a first element set Into a logically equhmlent 

50 circuit composed only of elements l>elon^ng to a second set, wherein said transfonnation kruiwledge 
memory part possesses a logic inversion knowledge memory part for storing transformation rules 
expressed by the condition part and conclusion part and storing logic inversk)n mies expressing the togic 
inversion relation, and said inference drive part comprises element registration means for adding and 
registering elements to the working memory part, and inverted signal generating means for generating or 

65 picking up inverted signal of specific signal from the data registered in the working memory part by 

making use of the at>ove bgic Inversion rules, in which inverted signals of signals showing inverted logic, 
out of the connectton signals to the element when adding and registering the element to the worictng 
memory part are obtained from the inverted signal generating means. 

6. A circuit transformation system according to claim 5. wherein the element registration means 
60 possesses msans for judging signals representing logic Inversion out of the connection signals of the 

elements to t>e registered. 

7. A circuit transformation system according to dalm 6, wherein the element registration means 
possesses means for assigning undetermined signals out of connection signals of elements to be 
registered with new signal names. 

65 8. A Circuit transformatkm method comprising a transfomnation knowledge memory part for storing 
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transformation rules expressed by the condition part and conclusion part, and also possessing a rule 
selection step for selecting these rules, a condition matching step for matching the condition part of rule 
against the circuit as the target of transformation, and a conclusion part application step for changing the 
circuit by applying the conclusion part of rule, wherein a logic inversion knowledge memory part for 
storing the logic inversion rule expressing the logic inversion relation is provided, and said conclusion 5 
part application step comprises a step for fudging whether the input or output signal of the element Is an 
inverted signal or not when registering an element, a step for judging whether the logic inversion rule is 
applicable or not. a step for changing the circuit according to the logic inversion rule when judged to be 
applicable, and picking up the inverted signal, and a step of generating the Inverted signal by adding an 
inverter (that is, an inverted logic generating element) to the circuit when not judged to be applicable. 10 

$. An Inverted logic generating method possessing a logic inversion knowledge memory part for stroing 
logic Inversbn rules, and comprising a first step for judging whether the logic Inversion rule is applicable 
or not to the c^ult In the working memory with respect to a desired signal, a second step for changing 
the circuit by using the applicable logic Inverston rule, and a third step for adding an inverter to the circuit 
when not judged to be applicable in the first step, wherein a logto inverted signal of said desired signal is 15 
picked up or generated. 

10. A circuit transformation method for transforming a circuit composed of elements belonging to a first 
element set into a logically equivalent circuit composed only of elements belonging to a second set, 
possessing transformation knowledge memory means for storing circuit transformation krwwledge and 
equivalent k>gic knowledge memory means for stroing equivalent logic rules expressing a logically 20 
equivalent relation, wherein the step for storing the transformation rules expressed by the premise part 

and termination part into transformation knowledge memory means, and dianging the circuits by applying 
said transformation niles contains at least one of the step for recognizing a logically equlvalem circuit In 
the circuit of the premise part of the transformation rule, and the step of generating a logically equivalent 
circuit in the circuit cf the terminatton part of the transformation rule by using said equh/alent logic rule. 25 

11. A logic designing ^stem possessing circuit transformatton means for transforming circuits 
according to the circuit transformation method as claimed in daim 4, 8 or 10, and function description 
translation means for translating the function description into connectkm informatton of function block, in 
which the function description entered from the input means is transformed into the connection 
information of function block by function descriptton transformation means, and the connectk>n 30 
informatton of the function block is transfonned into connection information of circuit or logic circuit t)y 

the circuit transformation means. 
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